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A global two-dimensional simulation of a substormlike process occurring in Earth s
magnetosphere is presented. The results are consistent with an empirical substorm
model -i.he neutral-line model. Specifically, the introduction of a southward inter-
planetary magnetic field forms an open magnetosphere. Subsequently, a substorm neutral
line forms ~ 15 Rz in the magnetotail, and plasma sheet thinning and plasma acceleration
occur. Eventually the substorm neutral line moves tailward toward its presubstorm
pos ition.

PACS numbers: 94.30.Lr

The understanding of geomagnetic substorms is
one of the outstanding problems in space physics.
Geomagnetic substorms produce major changes
in the Earth's magnetosphere, lead to auroral
displays, and can have an environmental impact
(e.g. , communications, power transmission).
There is general agreement that substorms are
powered by the solar wind as it flows around the
Earth's magnetosphere. However, the energy
transfer and dissipation mechanisms associated
with substorms remain controversial. ' Hecent
satellite measurements' 4 and advances in theo-
retical plasma physics' ' lend support to a par-
ticular substorm model- '.he neutral-line mod-
el.' " In this model, a southward interplanetary
magnetic field (IMP) merges with the terrestrial
field on the dayside magnetopause, adding mag-
netic flux to the magnetotail and raising the tail
field stresses. When some (unknown) threshold
is reached, "magnetic reconnection begins in the
magnetotail near the Earth [(10-20)R~], energiz-
ing the substorm process. After sufficient ener-
gy has been released the neutral line moves rapid-
ly tailward. As the neutral line moves past an
observing point, high-speed flow which had been
tailward becomes earthward.

In this Letter we present a global, two-dimen-
sional (2D) simulation of this substorm process.
The results lend strong support to the neutral-
line model. Our code solves the following 2D

time -dependent magnetohydr odynamic equations

&p/st= —V pv

&(pv) j&t = —V(pvv+PI) +c ' JXB

&e/at= —V ~ ([c+Pjv) +J E

BBj&t = —cV &E

V XB =(4w/c)J

q J=E+c '(vxB),

where p, v, P, B, E, J, and c are the mass den-
sity, velocity, gas pressure, magnetic field, elec-
tric field, current density, and speed of light, re-
spectively. The quantity e is the sum of the gas
thermal and kinetic energies. The resistivity g
has been set to zero in the calculations presented;
however, numerical dissipation (i.e. , resistivity)
plays a large role in the calculations.

The code uses a leapfrog time-integration
scheme and a 20th-order finite-difference approx-
imation to the spatial derivatives. Flux-correct-
ed transport" is used to provide the minimum
possible numerical dissipation consistent with a
solution showing no spurious extreme.

The computational grid is the x-z plane of the
solar-magnetospheric coordinate system. In
this system the Earth is at (0, 0), z is north-
south, and x is positive toward the sun. The
Earth is modeled as a small (&1 cell) cylindri-
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Finally, we address the issue of resistivity.
Based upon our observation that the current den-
sity is increasing most rapidly in the onset re-
gion, it is likely that a current driven microin-
stability is triggered in this region. This can
lead to an anomalous resistivity which subse-
quently allows reconnection to proceed. The
most promising instability at this time is the
lower-hybrid drift instability. "We are present-
ly improving our code to drastically reduce the
numerical resistivity so that an anomalous re-
sistivity, based upon the lower-hybrid drift in-
stability, can be introduced for typical magneto-
tail conditions.

We have performed a 2D global simulation' of
a substormlike process occurring in the Earth' s
magnetosphere. Our results are consistent with
an empirical substorm model —the neutral-line
model. Although the results are preliminary,
they are very interesting and we are vigorously
pursuing this avenue of research.
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